Motivation, needs and requirements FBG Features, Sensing Principle and Proposed Method
Silicon tracker detectors are exposed to high radiation at the LHC which demand their operation at temperatures below 0°C [1] and consequently in a dry atmosphere to avoid condensation. For this reason, a constant and effective thermal and hygrometric control of the air is mandatory. Special care has to be devoted to find the best method to decouple the cross-sensitivity of each sensor to strain and temperature and, thus, to extract humidity measurements from the global sensor readings.
HUMIDITY SENSORS ISSUES IN HEP TRACKERS
Multiplexing and reduction of cabling complexity Climatic chamber in aluminum:
• Provided with a thermo-regulation circuit for temperature control and stabilization which enables the creation of controlled levels of ambient humidity in the temperature range [-20 -30 ]°C
• Precise relative humidity control based on a system of valves.
Experimental Set-up for RH measurements Progressive irradiations (up to 210 kGy) performed using photons in order to:
1. Determine if the radiation-induced shift saturates [5, 6] 2. Investigate the sensing characteristics of the sensors after irradiation
In total 4 sensors (of 2 different batches) are tested:
• The observed radiation-induced lambda shift decreases with the total adsorbed dose and arrives to an almost linear behaviour
• The sensitivities to Temperature (S T ) of the sensors are unchanged after the full irradiation series Radiation-induced lambda shifts after each irradiation steps
Sensitivity independence
Progressive irradiation up to 150 kGy shows that also on RH sensitivity the effect of ionizing radiations is negligible (below the measurement error)
Results on 4 samples of FOS RH Sensors:
• Sensitivities to Relative Humidity of the FOS RH sensors are not affected by irradiations
• Radiation-induced lambda shift is observed, progressive irradiation campaigns are on-going to define the saturation properties Applied models in order to take into account the double dependency of the sensor itself to the two parameters -the swelling of the material in presence of water molecules and the sensitive of grating to temperature variations:
Traditional approach:
• described in literature and based on the application of the formula Δ = Δ , % = Δ + ( )Δ • based on the mathematical model describing the absorption or desorption phenomena of water molecules into the coating of the grating in linear assumption
The model is too simplified, cross-sensitivities to Temperature and Relative Humidity are observed: S RH (T) S T (RH)
Surface Model:
• applies a more complicated formula to translate the lambda Bragg variations in humidity , = 00 + 10 + 01 + 20 2 + 11 + 02 2
• the parameters of the formula determined using a fitting procedure • term introduced in order to point out the correlation between the wavelength and temperature 
